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TAG CELECTRAY means high sensitivity, photoelectric detéction and 
split-second response—practically instantaneous control. Does this mean 
sensitivity to vibration? Not in the TAG CELECTRAY Indicating Con- 
troller Model No. V. This Controller is sensitive to temperature change 
but NOT to vibration. 


Hammer the panel with the instrument mounted rigidly . . . No response 
—unless the temperature changes at the same time. Mount the instrument 
rigidly on a panel with the contactor or next to a drop hammer if you 
wish . . . The damped response of the photoelectric circuit of the instru- 
ment selects the gradual change of temperature for control but will not 


respond to the severest vibration. 


CELECTRAY substantially reduces both extent and duration of fluctuations 
—guaranteed “'to control more closely than any instrument has controlled 


before." 


We invite your interest inthis extraordinarily sensitive Indicating Controller 


which does not require vibration-proof mountings . . . Ask for the facts. 





C. J. TAGLIABUE MFG. CO. 


Park & Nostrand Ave’s., Brooklyn, N. Y. 
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N° MATTER how varied the need for 
dial thermometers to measure heat, 
Ss safe to say that nothing can take 
he place of the industrial (mercury-in- 
ass) thermometer in your plant—or 
y other. 
That’s why Taylor has always made 
e finest, most accurate industrial 
ermometer science can produce— and 
today Taylor offers you the BINOC 
ermometer which adds “easier-to- 
d” to the established accuracy. 
In BINOC tubing, Taylor scientists 
irda major advance in thermometer 


Am I...necessary! 
The boss says ve 
saved time and 
money wherever 


he’s placed me. 


HUH! Did you 
ever see him go 
anywhere in 
the plant with- 
out me? 





Ouret, please. 


WHY ALL THE ARGUMENT? 


BOTH THE BOYS ARE RIGHT! [ial thermometers 


are Just as necessary in industry as the indus- 


trial (mercury-in-glass) 


is 


type. But the indus- 
trial thermometer always has been 


and still 


the heat-measuring standard wherever a 


comparison with other instruments is needed. 


ae 


tube construction...a development with 
features long-desired for assuring easier 
and more accurate readings at normal 
and greater-than-normal distances. 


Among the features of BINOC tub- 
ing are: wider mercury column, wide 


rT 
angle of vision, absence of bore reflec- 
tion — and three times the amount of 


light concentrated on more extended 
background. 


The Taylor BINOC 


Thermometer 
“shown here 


may not have the right 
range for your plant. But there is one 
which does have. Send for the Taylor 


Representative, or get complet 
from Taylor Instrument Companies, 
Rochester, N.Y. Plant also in Toronto 


Can. Manufacturers in Great 


wit 


Short & Mason, Ltd., London, Eng. 





Indicating Recording Controlling 





TEMPERATURE, PRESSURE, FLOW 
and LEVEL INSTRUMENTS 








THE WESTCOTT Orifice Meter... the instrument that is 
meeting a demand of astonishing size and growth 
throughout the world. Large volume, efficient 
manufacturing, ingenious design and simplicity 


. these alone make the low cost possible. 


AMERICAN METER COMPANY 


METRIC METAL WORKS ERIE, PENNSYLVANIA 


RESISTOR... 
AND 2!" OF SPACE! 


Tus adaptation of a standard IRC 
Resistor made for a well-known manufac- 
turer replaced 3 separate resistors previ- 
ously used, saved 7¢ on cost, 2!/2" of space, 
and greatly simplified production assembly. 
Many equally important resistor savings 
have been made for others. Whatever your 
resistor problem — or even if you have no 
problem — write to IRC. Our engineers will 
be glad to submit samples, make money- 
saving suggestions based on eighteen 
years’ experience in producing more re- 
sistance types, in more shapes, for more 
applications than any other manufacturer 

in the world. 


INTERNATIONAL 
RESISTANCE 
COMPANY 


417N. Broad St., Phila., Pa 
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That Old Question of Repairs 


r’VERY now and then we come across a new 
 ‘ proof of the saying that repair costs are only 
a fraction of repair expenses. Here is the 
itest: In a St. Louis industrial plant a recorder- 
ntroller was accidentally damaged. Examination 
owed that the repair was beyond the facilities of 
e plant’s own instrument department. Accord- 
oly, it was turned over to the authorized St. Louis 
ealer of the—let’s call it “Baygolrup Instrument 
Co.” This man runs a mill supply house—not a 
Baygolrup”’ factory 
ranch. In his zeal to save 
is customer’s time and 
noney hesent the record- 
r-controller to a nearby 
nstrument repair firm the Process Industries at ¢ 
nstead of to the “Bay- 
rolrup” factory in New 


Ay 


day, March 2 and arrange 


nal manufacturer. Only 

en can you be sure that 

ey will be returned to you in the shortest time 
nsistent with quality. Even our readers on one 
ast will find it safer to have repairs done by orig- 
al manufacturers on the other coast if such manu- 
cturers do not have branch factories. But, as a 
itter of fact, most of the companies which manu- 
cture extensive lines of industrial instruments— 
cluding recorder-controllers, ete.—have  well- 
juipped branch factories throughout the country. 
ur editor visited four of these in San Francisco 
nd Los Angeles—not only visited them but in- 
ected them critically, and if these four are typical 


Come to Pittsburgh March 2 


Plan to attend the conference on Instrumentation in 
Be in room 104, Industries Hall, at 8:45 a. m. on Thurs- 


noon. Here are some high spots: 


of the fifty or so throughout this country and Cana 
da, then there’s no excuse for going to cut-rate re 
pair shops. We say cut-rate repair shops becauss 
there are also repair shops duly accredited by se\ 
eral instrument manufacturers who do not maintain 
branch factories. The situation is somewhat com 
plex, however, as shown by a recent instance: In a 
city near New York, the representative of one in 
strument manufacturer was reported to be solicit 
ing repair business from users of all makes of in 
dustrial instruments, 
claiming competence to 
repair all. This claim is 
vigorousliy denied by the 
engineers of some othe) 
instrument companies 

who inform us also that 
their objection is not 


arnegie Tech, Pittsburgh. 


to stay till Friday after- 


ingland. General Principles of Instrumentation by Profe based on a competitor 

Result: an unsatisfac- rs C. S. Draper and G. V. Sct tt of M.L.T “muscling’ into their 
tory repair job. Conse- Rrocess, Controts th the Salt Sm by N. I business because the 
juences: lost time, im- pana of agote ee = repair departments art 
rerfect processing, a Sawin Tatas Meare a a not run for profit. 

ostly proportion of sec- Refining” by W. K. MeCoy, Gulf Oil Company On the whole. we see 
nds and rejects—a total Recent Developments and Operation of Instrument no reason for modifying 
xpense hundreds of ‘ 4 bres es let hy saat wi emo the edvice we gave in a 
times greater than the saa ga ap eae : ‘7 ; 1952 editorial entitled 
aving aimed at by the Toronto ‘True and False Repai 
vell-intentioned mill sup- It se Kconomy”: 

ly house. cates Do not send ¢ 

In the end, the record- : ; rina sites Prnaes | ane ves 
er-controller had to be nstru IVA Elect Furnace anc Rey ee 
sent to the “Baygolrup” sphe ] H proved , 

actory. It should have Newton vhich in s 

en sent there in the a han that 

F ; he ( E\ Trad ( Wher ! 

rst place. All measuring peice P HY Pit 

nstruments and control Henan rene tae epee le oe ontle he vomoved,.it a 
levices requiring repairs Carpenter and H. F. Mo $0 preferably be sent 

vond your facilities Oil Products, L. W. 1 Mellon Instit t original manufacturer 

ould be sent to the orig- Fie PERE BR Se, ea ala st Se 


act duplicate. 

Bootleg part 

right” but in some cases they 

of the instrument or system. 

There certainly are no better renewal parts fo 

vour instruments than those made by the original 

manufacturer or his authorized service laboratories. 

Moreover, the repair work will be done (or in any 

case supervised) by factory-trained engineers. Yes, 
engineers! To quote one company : 


Impair the accurac ! ilue 


These men are not general mechanics, nor “handy 
repairing instruments and radios with equal ease and ut 
concern. They are men of recognized standing in the eng 
neering world, graduates of scientific institutions; most of 
them hold the degree of M.E. 


INSTRUMENT S 


February 1939 Page 








THE MONTH’S NEW INSTRUMENTS 


In this department we strive to re- 
: ; port each month ALL the new devices 
Cable Fault Locator for measurement, inspection, testing, A-c. Motor Speed Contro! 














power cable faults in mit metering and automatic control—in New bp sh ontroller | 
= pga = Arann aan ain, the form of concise technical descrip- Ste cnt Ge ee 
tions. ermitting motor to be operated | 
bviat need When writing to manufacturers mostat itor 5 switch bec 
bre ! VI vi “ ‘ t re irae f I 


directly, please mention this depart- 

ment as your source of information. 
Or write to Information Section, 

Instruments Publishing Company. 
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SITIVE EXPLOSION Key-Switch Cabinet BAILEY, 

PROTECTION Indicating Potentiometer {envy 

Maker’s = indicating potentiometer with € % 

multiple-point rotary selector witel ( d 
Instruments, Jan. 1934, page 14) ha bee \YETER 


supplemented by i new 


SS | even na CONTROL 
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Boiler Meters 
Indicate, record 
and integrate 
Steam Flow 
from the boiler, 
record Air Flow 





supplied for 





combustion 


and record Flue 


FLAME-OTROL | ove ce ce | St Renee 





ture. 

s a Whee'co ‘Radio Princi-le’’ in- i . oe 4 — sal pecs Geen this meter re- 
strument, designed to prevent explo- ae i “st : * re fected ; duces fuel cost, Bailey Boiler Metes 
sion by instantly cutting off fuel es ere SG OST E ; lessens main 
supply if flame failure occurs. Fur- front f board. Case ‘ tenance and outage, lowers standby cost 
nishes complete automatic protection knox t openir that nnectior ' and adds capacity. 
in lighting and operation. b top, bott / 

boro Co., 6 Neponset A Multi-Pointer Gages for indicatin 


Write for Bulletin No. 1105 drafts, pressures, differentials are available 


with any number of pointers from one to 











Covers for Instruments twelve. They are actuated by sturdy yet 
Wheelco vastraments Co. Oiled silk covers for instruments |} sensitive diaphragm units, 
So. Hals . cago, Ill. ave med is te 1) 
iding w ry f al Ist} I 
\ the nev } ter t ! I 
1 ! } cle “ } ’ 
protect er. C t 
I umer Ble } 
1 Ve ) ( 
Soe OLAS La e? Portable Sound Analyzer \ WS 
Designed particularly for ar i? ! ¢ 
9@G6C@.00 ceo nd vibration generated by machines, et — .. 
ne Type 760-A Sound Analyzer ntended a ae ae 
©0008 00 00 atta a 
o9-A Sound-Level Meter Instrument Flow Meters. For indicating, record 
Oct. 1936, page 1) but can also be ' ing and integrating the flow of steam, feed 





water, compressed air and other fluid 


Granular Material Meters 


For accurately measuring 


Feed Water | 





the flow of coal or other 
The State University of Iowa uses these 
Cochrane Flow Meters to record water feed 

their power plant boilers—one of the 
many installations and applications to which 
these meters are suited 

Cochrane Electric Flow Meters accurately 
measure and record the flow of—STEAM, 
for boiler ourcput, distribution, turbine con 
sumption, process and heating; WATER, 
for boiler feed input, pump discharge, con- 
lensate, well delivery, effluent and condens 
er circulation; AIR and GAS, for compres- 
sor discharge, distribution, furnace fuel, pro- 


granular materials in 
gravity chutes from over 
head bunkers. The total 
quantity of granular ma 
terial is shown on a large 
illuminated counter which 
may be easily read at a 


distance of 50 feet 





ducer output and process; MISCELLANI Coal Meter Control Systems. 
OUS " 
S LIQUIDS and GASES, such as sew ere ’ ; a | : Make possible the every 
ige, brine, oil, caustic soda. ammonia. 4 : 
xygen, hydrogen, etc. I pil a day operation of equipment for steam 
Cochrane Electric Flow Meters which are ft nt tput it t generation and utilization at test eflicien- 
erated by the galvanometer null principle, | ne t l f 
re guaranteed for their accuracy and de +} cat ‘ | cies. They are applied to the control of 
vendability ; ; . “ combustion. feed water. superhe it le 


Write for Publication 209 superheat and other factors 


COCHRANE CORPORATION aii totiniiis | ee ee 


118 N. 17th Se Philadelphia, Pa 


rn 


oom | BAILEY METER 
ea menione 1S a COMPANY 


oo oi ae 1041 Ivanhoe Rd., Cleveland, Ohio 














Automatic Volumeter-feeder: 


Photoelectric Relay 
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A 24-HouR RECORD—giving ac 
curate and dependable measurements 
so vital to efficient and economical 


operation. 


Hays Combustion Meters employ the 
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FALSTROM 





1 
Designed 


filled tube protec 
&, Fr E ou esi 
I L lines from over 


PANELS| © 


sistance 


Low-Voltage 


tion fror 
FALSTROM Precisioned Steel Panels e ey at : 
are specified by engineers for their ; page 
Strength . . . Durability . . . Fine Ap nd | idit 
pearance... for use in— rent <- carrvit 
f amine 4 
POWER PLANTS a 
OIL REFINERIES tion is « 
PUBLIC UTILITIES vere, line wit 
PROCESS INDUSTRIES be « 
COMMUNICATIONS grounded = t! 
suitable tran 


Send blueprints. Write for bulletin P-2 
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COMPANY oF DASSAIC N. J. 


dangerous 
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light 
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rough 
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in conjunction 


protector 


Hygrometer for Ducts, & 


ience of alr 


plete dismantling of conventional-for: 
& dry-bulb hygrometer when us« 
conditionir ipply and return 

te new Taylor Hy t 





“ee miplete iccessibility for installation 
Orsat principle for measurement of routine rvicing by loosening two tl 
CO:. Water operated —no moving aa pegs ta ateoesier Saat Vein) ah 
parts—extreme accuracy coupled with hir 1 bracket. Moreover, wet & dry 
dependable performance. ha been staggered, hence are expo 
There is a Hays Combustion Meter sis. “a ang aa = Pas seca 
to fit every requirement—remote or Gilet ad Se Shia: egran gta 
ntegral mounting, indicating or re- heat capacity effect to alter temperat 
cording or both. Write to 925 Eighth ar around ‘bulbs to hind ” 
Avenue, Michigan City, Indiana, for Seales are etched on flat glass thern 
free catalog tubes, mounted horizontally: more nat 
position for reading mereury olumns, 


1 for ease of re 
isulate thermor 
etal part 

s 2 3, I 

for installatior 
is designe 
ttle All part 
iter are treat 
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1 to t 


ere pressure 


of water mat 


Ferrule Terminal Resistors 
Ferrule clip ter resisto 


typ 
ti} 


ytector Tubs 


new 





with 

ind 
induc 
off directly Westingh 
Co., East Pittsburgh, Pa 














IMPROVED 
SPOTLIGHTS” 





tubicon MULTIPLE REFLECTION galvanom 


rs have recently been much _ improved 
hrough redesign of optical system. The defi- 
on of the line-image is now so sharp that 
idings can be estimated to .1 of a = milli 
eter division 

These sturdy self-contained galvanometers are 
iilable with sensitivities as high as 5 x 10 
mpere and 1 x 10—® vole per millimeter di 
on 


ASK FOR BULLETIN 320 


RUBICON COMPANY 


Electrical Instrument Makers 
29 North 6th St. Philadelphia, Pa. 


Galvanometers, Electrometers, Potentiometers, 
Colorimeters, Wheatstone & Kelvin’ Bridges, 
Resistance Standa-ds, Resistance Boxes, Coil 


Testers Clip-on Ammeters, etc 





CLOSER TEMPERATURE 
CONTROL IMPOSSIBLE 





Wheelco 


CAPACITROL’S 


Radio Principle'’ completely elimi- 
nates time lag in temperature control. 
2/2 control for practically any 
furnace or fuel possible with this in- 
strument. Gives furnace new lease on 
life and materially increases produc- 
tion and quality of product. Uniquely 
superior in every detail. 


Write for Bulletin No. 204 


Wheelco Instruments Co. 


Chicago, Ill. 


1933 So. Halsted St. 








Multi-range Clamp Ammeter 


New Bakelite-en St G 
met Mi t will s 1OW 
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Dust and Fume Sampler 


New Electrostatic Dust ! t 


pler weigh Ibs. complete per 





Stock No. 156-A 








This splendid new instru 
ment enables you to tell in 
a jiffy if your tubes are in 
proper working order. And 
not only is the RCA Tubs 
Tester amazingly simple to 
operate... not only does it 
test all tubes including the 
new “LOK TAL” types— but 
it's exceptionally inexpen- 
Sive, too! 

Be sure you're using good 
tubes! Quick-test them with 
the RCA Tube 


' 
low cost! 


lester at 


For finer radio performance. . 
RCA Victor Radio Tubes 

Listen tothe Magic Key, Sund 

3 P.M.,E.S.T. on NBC Blue Ne 

















RCA Manufacturing Co., Inc., Camden, N. J. 


A Service of the Radio Corporation of America 








Dynamometer Benzol Indicator 
mores [QS AGABP | seen 
t torque at fu itive: reading to 50 p.p.m. or Ti 
| RHEOSTATS | “tect 
MEET Exacting 
REQUIREMENTS 





Because they provide fine adjust- 


ment and control of electric cur 
rent ver i wide rane be 
cause they are well made and 
durable Jagabi Rheostats are 
selected and used by engineers, 
educators and research workers 

especially those who are influenced 
by design, quality workmanship 


and performance. Bulletin 1515-1 





describes Various standard and spe 


cial types; write for a copy 
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Test Tube Markers Burette Regulator 


ste of spring metat with frosted cote MAUUEABAUCER DRA TERIE — scuostante to ston movement of 


, rest Tube M : ~ plus tc roy position and _ it I 
attached, is permanent and SECURITY TIMERS position, Misher’s, Castaloy sit Re 
prehaghhinse are made by the world’s best ek ‘titra ae ee : 
flaming” chronograph craftsmen ity. I ttached to burette just ab 

ven ERIN INTL OTS ST ME sition that its other sorey ean be ah 


Meee JULES RACINE & CO. 


20 WEST 47th STREET + NEW YORK rs when handle but 




















SIMPLE 
RELIABLE 
COMPACT 


f) EFFICIENT 
Us FAST 








VERTEX 


NON-TILTING 
MERCURY 


RELAY 


U.S. Pat. 1,915,462 





























Normally Normally 
closed open 


GREAT VARIETY OF MODELS 

Normally open and normally closed types 
| From 10 Amp. to 100 Amp. 
Single pole and double pole models 
Complete relays or tubes only 


A moving parts completely sealed in 
glass. No exposed arc. Mercury to mercury 
yntact. Low watt consumption. Noiseless 
and «fast in operation. Space saving 
Maintenance free. Operated by concentric 
slenoid coil. 

Electrodes separated by H-shaped quartz 
body, held in place mechanically without 
fusion to either glass or metal. Write for 
iterature. 


DR. F. LOEWENBERG 


10 EAST 40th STREET, NEW YORK CITY 

















MASTER 
PORTABLE INSTRUMENTS 


Alternating and Direct Current 





Fully Shielded — Accuracy '/2 of 1% of fu 
e—Arc Length 5 inches—Mirror Scale— 
active black bakelite and meta ase 

able in a wide range of capacities 


| W. M. WELCH 
SCIENTIFIC COMPANY 


Established (880 


Chicago 








Main purpose of this 


ike Vident the possibilit 
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! thi levelopment w 





R M } 
SCHEMATIE LAYOUT Of} 
OPEN HEARTH FURNACH 
tT = nines 
I ; l 
( : oO ; te 
For s For 
\ I \ 
Mar 
I i ipt ' 
t ! ne i I 
W nif nt rtion of per 
na ntrok par t 
Adjustable-period Time 
Switch 
Mout ] I 1j ‘ 














ROLLER-SMITH 
Announces 


the consolidation, as of Febru 
arv Ist. 1939, of tts Executive 
Otiices (located prior to Febru 
ary Istin New York City) with 
its Works at Bethlehem, Pa 
After February Ist all activities 
of the Company will be con 
centrated at the new’ Head 
quarters at Bethlehem 


The Sales Agencies in New 
York City and all Principal 
Cites in U. 8S. A. and Canada 
are not affected. 


OLLER-SMITH COMPANY 


[Electrical Measuring and Protective Apparatus 


aT 
Go itt 


Makers tor over forty vears of t lex 
trical Measuring Instruments, ind 
cating and graphic; air and oil Cir 
cuit Breakers: Switchboards; Ro 
tary Switches Instrument Trans 


formers 


MAIN OFFICE AND WORKS 
BETHLEHEM, PA, 


























TEST MAGNETIC 
PROPERTIES 
OF YOUR STEELS 





RAWSON FLUAMETER 
SIMPLEST AND MOST EFFICIENT 


pment } / 


Rawson Electrical 
Instrument Company 


POTTER ST CAMBRIDGE, MASS 


Branct East 26th Street, New York City 
Representative: E N. Webber 
3 W. Randolph St., Chicago, |} 























Internal and External 


Comparator 
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Multi-range Tachometer 


velled Hand Tachometer 
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“Tube Seller” 
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TETCO 


Speed Recorder 





Creates a permanent time rec- 
ord on a waxed chart. Accu- 
rately records rate of produc- 
tion, time and duration of 
stops, total quantity produced. 
The Electric Tachometer Corp. 


1358 Spring Garden St., Philadelphia, Pa 














HARDNESS 
TESTING... 


done WITH NO MENTAL HAZARDS. 
The SCLEROSCOPE has done it for 
the past 30 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 
inexpensive. 


Illustrated 
bulletins 
free. 


The Shore Instrument 
& Mig. Co., Inc. 


9025 Van Wyck Avenue, Jamaica, N.Y 














DESIGNER - SPECIALIST 
on industrial electric and pneu 
matic control systems, extensive 
experience with large instrument 
manufacturer, seeks new connec 
tion. Write Box 106, Instru 
ments Pub. Co., 1117 Wolfendale 
St., Pittsburgh, Pa. 
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Thread-pitch Diameter Gag: 


New Model 45 B “John-s 
Oller contact bot quickly interc} 
bl ! f 1 s. In 4 
tl Kir bot f operator han 
t nel wo Cap t l 
Wa | i 
pe l Hi I ’ \ nt 3 
kede ] s Ce 


Ceramic-jacketed Resistors 


Ceramic-jacketed fully-sealed non-in« 
tive wire-wound resistors are ffered 
range of resistance values up to 3 me 
ind it l nad watt rating | 
unit) comprise ti ceramie pool 
pluralit of ections oO that the wil 
ean be In reverse direction pole 

ent tior I Ista wit 
riiter ! prot } i ceramic 
that | tl | lI. Standard toler 
1 on al toc] items 0.1% on } 
rder, Terminal styles include wire | 

cle lug botl lug it one end, 
Clarosta Vre Co., Inc., 285 Vo 
\ }; }-] \ ) 


1 yn-VvacuumMm umps 
Hig! P 


high-vacuum diffusion p 


Kastman Kodak Co.'s re 
ibs neludes pumps which effect self-} 
fication of pumping fluid during oper 




















VERY 
JOHANSSON | 


GAGE BLOCK 
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g 
FORD MOTOR COMPANY 


Every Johansson Gage Block will pass the U. S. Bureau of Standards. Johansson Division, Dept. D Dearborn, Mich 


| 
i 
I 
I 
; : I 
Have them officially inspected and you'll find each block—without i Sicha ccsiaath amie ees iad Atlas it 
I 
I 
I 
I 
I 
I 
. 


exception—well within the limits of accuracy claimed for it. 


Johansson makes blocks in three degrees of accuracy, priced according peas 
to the degree: +.000008 inch, +.000004 inch, = .000002 inch. A set of 81 Address 
blocks, accurate within ~.000008 inch, costs only $295. Individual blocks City 
from $3.50. Mail coupon for complete information to keep on hand. State 








Pressure Reducing Valves Multi-range Obmmete r 
Mi nnounce a new line of “Copes Vou Mod ( ' ! } 
i! ind water pressure reduce f) » 1 ny oo] , } 
Typ DBI lirect-operate " f t 
1, for controlled pressure fror wherei? t x rent } 
bs. Regulation from fully-closed to 
nder 10 of controlled pre 
han 0.5 Ib 1” to 10” sizes in 12 
b. pressure standards. “Type DSILH 
i, sprin loaded th Resistor Tester 
i Will Operat vith pres 
1200) Ibs I lation I 
ntrolle pressu not M 
[> 4 { DP 1500 Ib 
< | ited, spring-load 
s ft 15 to lb 
! t ! han 10 f ! 
not thar { lb t 
Ib vy 3-S H-2¢ t 
I | ! ided, for tl S 
u S-1, for x 
I ulatior nad 
I lt 1 t 14 t 1 
\ BI t I te WwW 
I 1 pressure 
Ib 2 Re lation 
t b to 1 i 
It } tandard Ws 
| t prit loaded, f tt 
It f 1 t 125 Ib Regulat 
n 6 Ibs t | ! 
! ] k ! I 
1 ? ”? Thi ( 
, nt? 
to f b : I 1 
wice per ! 
! R-DSILH l 
I t 1 b tand I 
wit ? { p } 
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Magnetic Compass for 
Aircraft 
t pilot my 
| t \ Cory ndel ft 
pl t i! 
i “imu radua- 





I I l t na Dl t FS 
! yw } nifi ‘ nd fixed 
bt lir I chi tabilit in 
I fror northe turning nda | 
t ! ira muunted In a 28 | 
tel bowl and | l ping | i 
wi ! thar that of th PRON 
| t ict | itlor nad ] 
ration t ts ! wel ounted ir 
ist I | tj Fox t oF i n unde 
ill conditior of temperature and 4 ssure 
ision is made f liquid expansion I 
ntraction, Glarel illumination i by 
I n Ringlit Piones Instrument 
‘ ) Lexington Ave., Brooklun, N. ¥ 


Damper Motor 


ew Friez Motor Operato ive effect 
itor ti mtrol provided by thermostat 





electrical elayvs i ised on low voltage 
rnished to control circuit and motor by) 
condat f a transformer (supplied witt 
icl motor) from 110 ov 220-volt a. l 
fitted with an auxiliary hand switch giving 
inual or oft Or rutomatic po 
n il with adjustable in for con 
nection to the damper eight types aval 
bl for wire wi ipplication witl 
built-in or sepa tel ounted transformers 
ind iriou ries Julien PP. Frie 
N Ral > N & ¢ ’ ! 1 Ral 





SMALL DRILLS from 


inch diameter, all 


.1969 
turned 


0016 up to 


sorts of small 


parts 


Small wood screws in brass, steel, etc 
urned from the bar 


MILLSTONES in SAPPHIRE and 
BLACK GRINDING DISCS 


GRINDING WHEELS "'SARUBIN 


H. ©. M. ENGEL 


P. O. BOX 233, SIDNEY, NEW YORK 








Surface Temperatures 







a The “Alnor” 

or 5 

Moving Combination Pyrocon 
Curved 

Surfaces 


Ideal for rolls, molds, 
plates, platens and 
plastic material temper- 
atures. 
Write for bulletin. 


Illinois Testing Laboratories, Inc. 
142 W. Austin Ave Chicago, Iilinols 








Mercury Vapor Detect 


Tiny i model employs resonance 
method as did first model (/nst 

No 1933, pa 211) but is simple 
er tive to one part f Hg in 10 

r | ition nad « I d of readil 

} tut t Ultra-\ let lamp and 





4. 


tube ire mounted t opposite end 
short length of standard pipe tt 
which sample i lrawn An amplifie 
cuun tube is mounted ir Same hous! 
phototube Illustration show indicatir 
tector \ recorder can be installed in 
f the indicator and can be supplied w 
limit switch, alarm relay circuit, ete 
thermore it 1 possible to locate ibst 
chamber everal hundred feet iwa 
iperate it) remote-controlled. New de 
equires about 100 watts to operat 
plugs into the ordinary a-c. outlet. P 
ommercial unit will weigh ibout 1 
nd measure 10’ 1&8” 21” (re 
t ( N tad ¥.. 2 





NEW “ALNOR” PORTABLE 
PYROMETER 
Shock Resisting, Float 


ing Movement, Ha 
5"" Mirrored Sca 
Metal Case. 

Write for Detai 
ILLINOIS TESTIN 
LABORATORIES, |r 


142 W. Austin Ave 
Chicago, Il 
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PENNY WISE! 





ing 
Before 
first 


you buy any 


Bill makes 


your firm Stop 


wide RED column, 


(Write for catalog today) 


THE PALMER COMPANY 


2511 NORWOOD AVE., CINCINNATI, NORWOOD, OHIO 


1 | & : St I 


thermometer, 
A cheap thermometer may be more brittle and break with 
less cause. A good thermometer with an annealed tube would 
withstand shocks easily and give longer usage. Just one Repait 
a cheap thermometer cost more 


DOLLAR FOOLISH! 


A wise man would consider the cost of up-keep before invest 
foolishly in a thermometer 


with a Low-price tag. 


consider the repair Bill 


Save the men’s time with less breakage and save dollars fot 
ind check first, 


And don’t forget: Every PALMER thermometer has a 


easy to read, ‘“Red-Reading- 


Mercury” is a PALMER patent which costs no extra. 
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icker-disk Photometer 


ter” employs new method for 


sition of disks, which is said t 


sources Of error such as Wear 


chanical parts used to change 


ks iW conventional type 





t New instrument consists essen 
two disks, each attached to shaft 
rate synchronous motor, and bott 
One motor is fixed to stationary 
instrument the other may be 
Since both motors run synchron 
change in angular position. of 
otor results in orres ondin 
relative position of disks \r 
ent thus permits continuous varia 
insmittancy from zero to maxi 
ring operation There being no 
bsorbing optical system in light-path 
of transmittancy is maximized 
Faubor Co 167 Prospect Ave 


fumbucking Transformers 


Uw new telescopic-shielded humbucking 

rmers are announced: Type P-202 is 
for i multiple-line primary 

W/200/12 1 ohms ind secon 

00 ohms (single class A” grid) 

i frequency responst of ” db 


eyeles, shielding 90 db, mounted 
permeability steel cases, Type T-t 


ned witl t primary f 200° ohms 
dary of 20,000 ohms (single elass 
having a frequency response 
t 10,00 el shielding 5 b 
‘ } 
( S Ra 
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D-c. Amplifier 
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A-c.-operated Wave Analyzer 


New ry 6-\ W 
nei y t 
t t a F ? 
| n. Principal | 





lat-t f ilte sil he t hy 
I itin } Pass band is 4 l 
\ itt spor low! t 
les. N nput impedar is one 
nn \ l hm potent t I 
ided ilternate input sy es) 
itures ple i peration ! 
il ntained calibration 1 , 
mut 3 nee ind f f 
t ct \pprox. dimens 
l net Ww } g Ibs G } 
( s iy ; V 


Resistors with End Terminals 
Three new type f “IRC Pre n W 
\\ ind Resistor Ve hot r 
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Insulation Tester 


New insulation teste) 








Glass-sealed Attenuators 
- ae cars 















pring instantly kicks” to 
When closing, action Is 


A LUB RIM-ETER O14 TEST 


Electrified Measuring Machine 


i larly instantaneous “when sprit 
! ! in influence of permanent magr 
| WI thus pre le for wide iit 
ontacts despite size of witcl 
”“ As a result, switch will 
oth de ind a.c. Type 
peratin | i low 
high «a l oz Plunger 
be hort a 0.005" to 
Switcl 1 trated 1 tl 
ed ile 1? 
1. Opaque Contanmunant , , ‘ We Do 


ae eee ok cae Unit Bins 


} ray ! rack rf Crew 





aaae aha Specimen Mounting Press 
‘ slg for n pane 


ttir th ny mounti 


hoen b l 


Supersensitive Comparator 
‘ ! < t nnew Mod 11 R 


ned for nusuati ! er 








crewed. te i ertical urtace, or to 







which mav be f hioned int port 
ch bin is so balanced that weight 
tents makes it close when hand i t 
ch locks open if lifted slightly wher 
or it may be lifted higher and pull 
ind down for cleaning or it 





xerting up to 5000 Ibs. pressure against Electronic Switch and 
ylinder that holds sample and thermop! Square-wave Generator 


, produced Fishe - , f roe Type 18 Klectronic Switel 
} be \ Pittsha Ds cation f Type 150 (Jnstru 
} page 345) and it may also be 
quare-wave vyenerator betwee! 
Snap Switch les rer second.—Allen B 
Mhie witch action originall leveloper ee Ma sons Passaic, N. J 
t low wat t l 








ess Measuring System 
for Structures 


mplicated tructures 
‘ sential new levi 
met l said to t t 
whict ! l s { 
tly m dial of test 
\\ I princl} th wher 
is brok it wil 
t bri bi n nd 
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} When turned ind 
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A & A COILS 


ignet Established 1924 Solenoid 


Electrical Coil Winding Co. 
736 Saunders St., Camden, N. J. 
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Saaay |hermometer-Regulators 


Indicating and Recording 

Only a few of our indicating 
and recording thermometers 
are shown here. We also make a 
complete line of Thermometer- 
Regulators which Indicate and 
Control temperature or Record 
and Control temperature. 


Write for Bulletin 255 — 
POWERS REGULATOR CoO., 
Greenview Ave., Cuicaco—231 E. 16th 
St., New York — Offices in 45 Cities —See 
your phone directory. 


AUTOMATIC TEMPERATURE 
AND HUMIDITY CONTROL 


for Industrial Processes. and 
fir Conditioning 
tins THE POWERS REGULA 
2734 Greenview Ave., 


Si., NEW 


POWERS 


AS YEARS xuumioiry controt x 


\ 








A New Temperature-measuring Method 
—the Solubility Thermometer 


By J.C. 


WITT 


Chemical and Mechanical Engineer, Chicago, III. 


OMI eal igo the writer observed that a solution of 
iraffin in carbon tetrachloride (prepared from ordinary 
materials, without particular care, for industrial use) 
behaved rather oddly \ mall bottle of this solution had 
been standing for several months in the office building of a 
rg dustrial plant. It was clear most of the time but, 
aqauring A er montns, appe ired to be s lid fied on Monday 
mil vradua becoming clea n the afternoon and re 

gy clear until the next Monday morning. 
Up nvestigatior va found that when the solutior 
was cooled to approximately 74°F., a quantity of the paraf 
n tallized out rapidly. The quantity of crystals was suf 
{ ent iryre y t he whole contents of the bottl« tne 
ippearance of a light-gray translucent lid. There was ne 
evidence of supersaturation or delayed crystallization. Some 
of the solid phase, examined under the mic scope, was 

found to consist of well-formed crystals 


Inquiries revealed that during the week-end the tempera 
ture in the office building was lowered. It was apparent, 
therefore, that at some time during that period, the ten 
perature of the solution had been lower than 74°. The solid 
phase remained for a few hours after the temperature had 


risen, but gradually disappeared—a clear solution again 


resulting 
T 


mind that 


called to 
easuring tempera 
In 1980 


Observation of the paraffin solution 


hods employed for n 
the days of 


the number of met 


Galileo. 


tures has been growing since 

Béhar listed! some eighteen methods. Since then there have 

been reports of methods utilizing changes in color.” To Dt 

Edwin B. Frost, formerly Director of Yerkes Observatory, 

ve ve a unique method: He had observed changes in the 

pitch of a cricket’s chirp and wondered what brought them 
found that frequency varies directly with tem 


this relation. 


and developed a showing 


formula 
Five solutions of various concentrations of paraffin in 
Paraffin crystal 
and 50°F., re 
obtaining 


pre pared. 
SO, 70, 


been 
90), 


carbon tetrachloride have 


lizes out at temperatures of 


sper 


some 


60, 


tively. These solutions have been used for 
preliminary information on the characteristics of what 


called a solubility thermometer. 

series of solutions is at 95°, and the 
order becomes translucent. At 
be read to the 


ma\ hye 
If the 


falls to 45°, eacl 


temperature 


solution in 


inv intermediate point the temperature may 

nearest te degree If the temperature then rises to 95 
tne S ULIONS become clear in the reverse yrder. There Is 
ome lag in the change from translucent to clear, however 
Time is required for the transfer of heat from the exterior 
of the container to the center of the solution, for diffusion 
ind for dissolving the paraffin. It is planned to study thes« 
factors to determine to what extent the lag can be reduced 
\ tructed at present, the thermometer may be classed 
i i multiple minimum-temperature thermometer. 

No reason apparent why the temperature interval can 
ot be reduced to a fraction of one degree. It seems likely 
that the range of the thermometer is limited only by the 

por pressure and the freezing point of the solvent, by tne 

ture of the solubility curve. and of course by the physical 

iractet ( tT tne material f whi the containe? Ss 

le. Prob ther satisfactory combinations of solvent 
nd it ild be found alt} Wo} is be eved tnat ther 
ire relat few of them. N reference on the solubility rf 
iraff carbon tetrachloride is been located. but Sal 

! nd Vass Vv present some data on the ib 
1) ) 43 +} y 2 ¢ te 

It inlikely t ubilitvy thermometer w provide 

re for thermometers filled with mercury and 
the ( a Hows ! hi many unique characteristi 


which suggest its value in the manufacture of novelt 
for some industrial uses. Some of these characterist 
listed and discussed briefly as follows: 

(1) A mercury thermometer consists of a bulb, 
relatively long stem bearing a scale. The scale reading 
cates the temperature of the mercury in the bulb, 
without the application of a correction factor. Eac 
1 solubility thermometer indicates the temperatur: 
point observed, or the mean temperature for the 
length of the unit, depending on conditions. This ps 
the manufacture of units In a wide range of sizes and s 
including hollow beads and eylinders, and the mout 
any number of these. The units may be large, so tha 

t glance, at me distance; or they 1 


may be read ata 
small, for combined decorative and utilitarian purpos 
probable that colored substances may be added to the 
to provide novelty and improve visibility. 

(2) After a solution has been prepared, standardize 


should remain c 


unit 
vibration, dust, conta 
temperature me 


sealed in glass containers, each 


indefinitely. It is unaffected by 
tion of any kind. It is available for 
ments or for 

(3) One unit of a crystallization thermometer is ec 


ent for indicating a temperature is above o1 


standardization. 


whether 
be employed to show tl} 


a given point. Two units may 
Such 


two fixed 
without 


temperature is between points. inforn 
may be obtained at 
applications have suggested themselves, 
be no limit to the number that 

(4) It is probable that the solubility thermometer « 


utilized for automatic devices of various sorts. For exa 


a glance, reading a scale 
and there see 


cK vuld be made, 


if a unit were placed between a source of light and a p 


cell, a signal or some regulating device could be act 
Patent proceedings are under way. 
\ 
\ 
NX V 
ip , , 
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Temperature Symposium 


(Preliminary Notice—more in March Instrume 


A symposium on “Temperature, its Measureme 
Science and Industry,” broadly covering many field 
science and engineering, will be held under auspices of 
American Institute of Physics, 175 Fifth Avenue, New 
City, next Fall. 

An advisory committee has been formed consisting 
O. Fairchild, C. J. Tagliabue Mfg. Co.; D 
Institute of Pathology; Dr. Gu 

Dr. John Johnston, | 
Whitman, Massachusetts | 
Barton, American Inst 


Chairman, C 
F. DuBois, Russell Sag 
Egloff, Universal Oil Products Co.; 
Steel Corp.; Dr. Walter G. 
tute of Technology; Dr. H. A 
of Physics. 

Those interested in contributing to this symposium sl 
the Institute at an early date. 


communicate with 
New York, Feb 


‘Temperature Measurement 
and Control” 


hook was he yun when the first 


1935, is being earried for 


of subjects in which the 


Revision of this 
(1932) became exhausted it 


the inclusio 


Pe rsons de SIring 
interested are asked to write to the author, M. F. B 
245 Melwood St., Pittsburgh, Pa 











A Method of Dimensional Gaging 
with Photoelectric Cells 


By CLIFTON TUTTLE and WILLIAM BORNEMANN 
Research Laboratories, Eastman Kodak Co., Rochester, N. Y. 
Communication N ; mthe AK (1 Rese ch 


| poieantnedagen interferometer or the projectio! i bear f wht. as ould be the case f tra ; 








croscope type and mechanical caliper gages are al irticle, it sometimes is possible to use a tvpe of met 
ndispensable industrial tools but—like most othe) optical calipers whic] he mentioned late 
ly-used high-precision dimensional gages—they suf ‘he photometry involved precis ras 
m some limitations. Interferometer gages, for it carried out with a higher degree of accuracy than that re 
re difficult to set up and tedious to use. With p2 Guired in most other photometric } e} t theref 
microscopes, the higher the magnification, the more fortunate that one f the most ac ite met 
the adjustment of the focus. Moreover, at high electric photometry nn ju tecoastel : f 
ition the diameter of the working: field so lin the problen f gaging. It has been s ! that t } ‘ 
it unimportant irregularities along the edges of the ver photocells connected t sed potent 
to be measured may occupy the entire visual field galvanometer are capable of indicating equalit f 1} 
it the measurement may not be significant of the lf tion of the beams striking both of them, t ( 
ension. This, of course, is generally true when the ave better than 0.1% and. furthermore. that the « tinue 
stance between edges hilit f f > circuit 
nsiderable length is relied upor 
ed. \ great variety of optica 
idings obtained with rangements mav be d 
of the mechanical a he purnose of saad ' 
es are to some extent ear nto t toc but 
n 
dent upon the pres I a rere ne the various arrangements that 
s applied at the calipe A ~ ure adapted to gaging purpose 
and this is trouble j e essentia y lificat 
f f the article to be A ; ne f lifferent ( 
isured is fragile 01 mS | In the first ar , 
¢ LY NX . ngement, the ( t ( 
e readings of most of Ge L : | neasured diapl ms the he 
available high-preci << E { ne ind the ot heat 
gages are not easily of BS falls on a second § c¢ hic 
rded by automatic 7 Yoo merely monitors the light rr 
thods nor can they be | £/ 7 his arrangement istrates 
y used in the auto ~ YN schematically n | 


control of the proc Snow i me 
which the measured vidth of an article, 14. An image 


cle was manufactured. ¢ Icle 1S 1 ( Ce 

[t seems probable, therefore, that there might be a nun C,. The position of the image is indicated in the ! 
of applications for the method of photoelectric gaging by diagonal cross-hatching, the solid black portion shows th« 
h will be described here. A gage can be set up easily, location of a rectangular « ie mask, and the portior f 
commercially available equipment in its construction, the cell left uncovered by both mask and image, 1.e., the 


e optical adjustments are not critical. The principl illuminated portions, are left white. The output of cell ¢ 


be readily applied either to automatic inspection, 11 is opposed to that of the second cell, Cz. This cell, C2, whic 
articles are rejected when they fail to come within monitors the light source, will be called the comparison ce 
letermined dimensional tolerances, or to fully-auto ind (,, which inspects the article be called the measur 
dimensional recording of articles of any sort, pro ing cell. A balance in photoelectric output of the t ce 
ded that they can be moved to and from the measuring s effected by sliding a movable diaphragm, J), in the con 
on mechanically. In some cases, a reading of the gag parison beam. The state of balance is indicated | 
ht be used to influence the manufacturing process so reading of a galvanometer in the cell circuit and the 
be u nfli t] ufactu g of a ga t 1] 1 
rectify dimensional errors automatically. tion of disphragm J) at the moment of balances a 
f the ) ns { the ticle \ na Ve ‘ I 
welectrie Photometry 1 pplied 0 Graging course , ea create " + . rf the ¢ 1 : ( 
photoelectric instrument applies a photometric ered and a Le pening of the compa a 
isurement to the gaging problem. To state the principle vill be required to establis} balance 
the article to be measured is used as a diaphragm In t ' 
I I he er ) ? Ca i ! é ( t ‘ ( 
yptical system which illuminates the photocell, and } a ay 
1) 4 , } 4 measuring eams a ( ¢ ( e me ( 
cell output, since it is proportional to the ot it Thu» This met | is istrated in Fig a ( etup 1 
receives, can be interpreted in terms of the light , ‘ ‘ f ree 
neasure e pite! 1 gvea e¢ i ne f 
ng power and, hence, the dimensions of the object. If y e 4 f — f } t ‘ 
Mave t $ 
iture of the object whose dimensions are to be de ee ee a A+ as = f 
, : ’ nprojected » Ff S ; i 
1 is such that it cannot be used as a d I rn } e 3 t ft 
D ect 1 l { é ( f , 
1 e 4 y } +} 
t ‘ } liaphrag t t 
S » « I nter t ( t f y 
lH. It might. for example. ! the plar f 
1 ‘ ; ¢ +} " 4 | ri ra 
limer , r tior t} 4 \ ] 
t of t r 12 ] t ? \ T $t> ita ) 
ht be lo }or r th I t urft f th} 
nd, | Pa tion of tl liay ' el 
roar f th 1 surf uM ld} ] ted OF ] jet 4 











f ! f I the gage equires that equality of cell 

, nee al cul henever these widths are equal. Slight 
nequalitse ! the ensitivity of the tw cells or in the 
te t f imination falling on the t sensitive sul 
‘ event the realization f tl condition but the 
tl f the two uncovered slits of light may be 
paque Mas! ver the cell of hnignest 
it t oduce equality of response. If, after this 
tment made, second palt of teetl if different pitel 
lexed into the measuring position, the balance will be 
nometer deflection may be restored to zer 

ny ne of the cells closer to or farthe) away Tron 
t ( t intil the equality in width of the illuminated 
‘ eéstal hed. The extent of this movement divided 
the ntica mage magnincation ¢ es tne nagnitude t 

( | ence n pitel 

1 lid be ! ted tnat, w thin Vide mits the accu acy 

{ tl measurement is not influenced by the accuracy with 
( the tick registered in the beam in the case of 

am 





CI 


either Figs. 1 or 2. If, for instance, object 1 in Fig 1 is 


lisplaced either to the right or to the left, the image on the 


ce hift correspondingly, but, if the edges of the image 
ire not fted beyond the confines of the rectangula: 

que mask, the total illuminated area of the measuring 
ce emain constant 

Ava n | : naccuracy in indexing’ successive palrs 

| teet nto the measuring position st result 11 
qu it i the Iminated areas r ¢ nd ¢ f the 

t ect 

\ te that of Fig. 2, wherein both cells act as 

iil ce ( not be utilized so easily to measure the 
ist ce dpetwee rht and left-hand ed s of ! byeet, ul 
‘ t ect can be } fect egistered in the me uring 

It i i ent t! t il ¢ ! I t t it Ol will 
n te Vvidti f luminate rea ry! ne cel] 

1 n it vidt t! econd e I ( litant chang 
! ‘ t ce uutput lid f course ( te ete isa 

enat { 

It may sometimes happen that the system illustrated 1 
Fig. 2 may be the most convenient for gaging the distances 
between right and left-hand edges of an object. In this case, 
t 1 the necessity of accurate indexing of the measured 


recourse to the 
ob ect 
Opaque 


ybject into the measuring system, one has 
Here, instead of the 
a diaphragm in the optical system, 


used to diaphragm the 


strated in Fig 


vanes attached to caliper arms are 
the separation of these vanes being dependent upon 
some of the 


itself is used 


sacrifices 
object 


the object dimension. This scheme 


advantages of the method in which the 


as the optical diaphragm and is, in general, subject to the 
errors of any mechanical measuring device. The pressure 
necessarily applied to the gaging points might distort a 


sample, or edge irregularities might give rise to mis 


eadings 
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(Jp eal M tgnuiftcation ina Photoelee ric rage 


images of the samp 
Actually, optical magnificat 
Optical red 
may be desirable in 


enlarged 
photocells. 
not a requisite of the photoelectric gage 


I 1p" lL and snow 


ected onto the 


nstead of magnification, some 


ind, in other cases, the object to be measured mis 


placed close to the cell surface with no intervening 


This latter arrangement is in fact the 
from the 


maging system 
desirable point of view of photoelectric sens 
yy it is the arrangement in which a given variatior 
ject dimension will produce the largest variation in 
flux striking the cell. 

the cell, 
reduction, will result in 
some kind is, 


considerations 


Any system for imaging the object on 


t is by 





magnification or by 
oss of light flux. An imaging system of 
dictated by 


may be difficult to 


ever, usually mechanical 


example, it move the sample 
to the cell on 


aperture of the 


measuring position in close proximity 
ve difficult to cut a fixed 


propel S17¢ 
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shape for the photocell surface, whereas this problen 


be simplified if the fixed aperture is placed in the plat 
an enlarged image 


In general, it is desirable to choose a magnificatior 


duction such that a considerable length of the image 


boundary lines of the article can be effective in the m« 
ment. The ability of the photocell and its associated 


svstem to @ive in average reading of the distance bet 


two irregular edges constitutes one of the advantages 
photoelectric gage Over both the conventional contou 
ect ind the mechanical calipe 
lecurae if the Method 
The accuracy attainable in a photoelectric vage { 
tvpe seems to be fundamentally dependent upon the 
sion with which the null point, or point of equality of ou 
f the two cells, can be determined. The practical fa 
vhich determine this precision are the amount of 
electric change which a given dimensional change car 


The m: 


photoelectric change depends upon the an 


duce and the sensitivity of the galvanometer. 


tude of the 
f light flux whicl 


can be passed through the apertu? 


the optical system and upon the sensitivity of the phot 
If a gage is to be read visually and if rapid readi 
not essential, a high-sensitivity galvanometer may be 
There then definite limit to the g: 


imposed by the photoelectric stability pe? 


seems to be no 
accuracy 
A recording or controlling gage 


‘ must make use of the 
(zero galvanometer deflection) determination t 
lay of some sort. In general, an automatic 
faster 


but such a device would probably never be ex} 


should be much than a visual manually-ope 


rage, 


to read with a greater precision than to the nearest 0.0 











equirements of such a device are, of course, rug f | n the umination of eit py 
ind cheapness of construction. 


filling this latter requirement, the designer \ t the balanced condition is al t 400 ohms 


seek to use aS component parts of his apparatus 4 galvanomete {f the minimun eCQuisite ‘ t t 
and equipment which are now on the market should undoubted e em} ed the gage ecaust 1 
generalized experiment, the authors have attempted redness, sta tv of zero, at speed of response va ! 
mine the performance characteristics of an aut versely with sensitivity nstrument hould be ne 
ige assembled from various sources of commercia critical damping for the external re tanes ipplied by the 
nt. cell clreult and the resistance should be f the ime 
sensitive high-speed relay to be triggered-off by the ra 
meter beam, the G.E. Model CR7505G5 was chose? \ nat c galvanomet furl by Leeds & N 
catalog the operating cycle of this device is given as ip comes close to fulfilling the requiren rt 
econd (on the 60-cycle power supply) with positive ticular setup. Its characteristics are I 


yn on 1 foot-candle. The tube equipment consists of 
23 photocell, PJ-7 pliotron, and FG-81 thyratron. Cor al , 
irrent available from the thyratron is 0.5 amp 
mount of illumination necessary to operate this relay 
vy obtained at a distance of one meter from a 5-mn 
meter mirror if the edge of the monoplane fllament 
watt 'amp is imaged on a slit-covering the photocell] 


sensitivity of this relay varies somewhat with th 
Itage. At a given sensitivity setting, the lower th 
tage, the farther the edge of the galvanometer imag‘ 7 
moved over the photocell slit to energize the 1 
i ~ j 
NGS wy ~~ 
Wi NAY 
» Fe ig 
ae Wash deel} : ' 
. fy} b | . ; Kids, 
. ~,, ¥  s 
{ ' ie Ky J \f a 
4 a 1 
oe 
+ > 
ae ca ee 
e first step in ascertaining the requisite ser ty ek OY ~ 
vanometer therefore consists in determining the shift ai 7 
apparent zero of the galvanometer beam required for 7 J 
ve relay operation at the expected limits of variatio1 KX NS 
line voltage. With the amount of illumination avail ’ 
from the galvanometer beam, there was a differences 
2mm. in the point of relay operation for a line voltage 
ition of 5 volts. Obviously, the galvanometer sensitivity 
be sufficient so that the deflection commensurate t] t nometer-c combinat 
smallest dimensional difference to be read shall be eo: ctive zero of the av with t expected 
ably greater than 0.2 mm. ne voltage of ts amounts t ess tl 
Che photoelectric current differential resulting from a di terms of the dimensional measurement, an « f 
mal variation in the object depends upon the efficiency de f 0.00002 
the optical system of the gage as well as upon the sens he questio1 f the accuracy and the spec 
of the cell, and, in order to be specific regarding the the actual performance of a eas issembled from the « 
iting characteristics of a gage, it is necessary to d mereial parts cl ve Deen discussed nave beet tudle 
the optical system. A typical optical arrangement fo th the aid of the apparatus istrated in Fig 
is shown in Fig. 4. In this setup, «4 is a 500-watt levice consists essentia ee mp fron ch t 
plane filament lamp, B is a condenser placed at its eams lirected onto t Elect roce These e 
distanee of SO mm. from the source, and /]) is a cor connected 11! pposed 1 1 cult t tl L&N va i! 
of 30 mm. foeal length which converges the paralle eter. The beam to the oht provided th a manu 
to a focus in the 25-mm. objective. The filament imag‘ adjustable s diaphragn nd the second beam « 
cally fills this objective which has an f/number rating ectangular slit aperture ch can be « 
The objective is focused so that an image f ane sliding transversely to 1 x f the be | 
ct O is projected on an ‘Advanced Type Electrocell.” vane s carried | 1 nut ch may be 


M, is placed over the photocell. This mask has a forth o1 spindle as the latter is made t te. A 
aperture 1” high and 0.1” wider than 


e image of speed n rd en 





ject. Thus, an area of 0.1 square inch of photocel ning clutch. This clutch may be instantly disengage 
face is illuminated by the optical system. The article to ever the circuit is made through a solenoid 


easured (and of course the variation in its dimension) brakes the rotat 
ignified 10 times by this system. A variation of 0.0001 The beam from the cell-controlled galvanomete 
e measured dimension will thus cause a variation 1 the ze position falls on a slit er the G.I t t 
ve aperture width of 0.001”. The result is a variatior relay. The secondary circuit of the relay upon ¢ ! aT 
cell output of the order of 1°. Since there is good vizes the solenoid which disengages the clutcl 
nee that the stability of the balanced cell circuit is The experiment hich may be erformed th tl 
0.1, the amount of variation produced in this it ce is as follows: With a ki n size of slit opening in t 
ce would seem to afford an ample factor of safety beam which supplies the flux to the measuring cell, the 
V, With this optical arrangement, a current of about ntensity is adjusted to } luce a measuring cell c / 
mMcroamps. 1S produced by the Electwocell, through at 0 microamps., "i s the leve btainable n the 
nal resistance of 400 ohms. When the monitoring ph yptical system of Fig. 4. The manually-cont 
llumination is adjusted to the point at which its out n the comparison ¢¢ bean uijjusted to balance t 
exactly balances that of the measuring cell, a chang vVanometer at its ze} positior ( cre 
1 NJ x } \1 





ereby unbalancing the cell circuit TABLE II 


ed elthe manua tation of Huge Error” . Gaging Rate for an Inst 
‘ rag the ry To) ai} é to eck ‘ the Employ ng the Typical Optical Systen 
iCCcrea 1 tens y ata taste rate . 
“ap eae : Rate Huge Erro: 
1 ( ! pala ‘ ‘ relay perates t diseng ort 
. . (Inches per second) (Inches) 
( lreme the stop 7 tio1 made 
0.000] O.OO00086 
| ( t 
0.0004 0O,Q00059 
( f ( ere t el T ne to} ! Sitio. ) 
| : 0.0010 0.000049 
f five diffe ite f vane movement. The first 0.0020 0.000054 
t r t ter) e the best possible 0.0040 0.00019 
( The ter | the { nad ite t ¢ re ture : 1 
Krom the foregoing data, it is possible to det 
a ! | alan a ( ing o 4 re second . . 
4 nethe a photoelectric recording or controlling 
( , t the tvpiena racing opt cal svsten CO > . = . 
suitable for a specific problem. For instance, by asse) 
( WOU ‘ econ The ite was Increased 1! | ‘ 
: : the commercially available components used in this 
to a value of 40 per second, at which point it was ; , 
ment, it would appear safe to say that an instrument 
tne erro} as too large for a gage meant t , : , : 
WI be made which could in one second measure objects 
ad to 0.0001 
- ’ nearest 0.0001", provided that the maximum variatio) 
rrot rie ( ! TO? Pal ate vere caleulated D\ the 
{ $ r | article to article does not exceed 0.001 
Ss Ss are na the 1itS are ¢ en in able . . 
A few additional miscellaneous remarks regarding 
TABLE I electric gage designs are apropos. 
SLE 
p Ca Gy Posit In designing an optical system, it is desirable to loc 
/ ond é ) ; OPPING 0 10) s 
photocells so that they will operate at about the sami 
Yard » ] ro? 1 . ‘ . 
Rate Probable Et perature. This is one requisite of a system of high st: 
ll = In general, it is best to use both cells either in the ho) 
: _ 
0.074 or the vertical position, and in the same housing to « 
| 0.08 
2 1 equal temperature. An additional recommendation 
10 0.10 : : : : 
1) 011 the pair of cells be tested to ascertain, first, that thi 
40) 1) 29 spond equally to lamp voltage changes and, second, 
they fatigue at approximately the same rate so tl 
One interested in the practical performance of an auto halance point will not shift with time of exposure 
matic gage might be more enlightened by what is some Reflections at the edges of gaged samples must bh: 
times spoken of in probabilities as the “huge error” (ap ed because a difference in reflectance of two different sa) 
proximately five times the probable value). This is the may introduce a serious error. This difficulty will s¢ 
error than which only one out of a thousand is greater. For arise if the article to be measured is thin, but precaut 
the practical gage using the typical optical system (Fig. 4) must be taken if the thickness is large in comparison t 
the “huge errors” and the gaging rate, both in inches, are measured dimension. This is especially true if the su 
ven in Table II, which is computed from Table I. is highly polished, e.g., the contour faces of gear teet! 
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ebound Methods of Measuring Hardness 


By S. R. 


PrHE DUROMETER 


ir’ has devised an instrument employing the 
1 principle. It has been called the Durometer. It is 
in operation and, when certain precautions are 
ved gives good results. A’ steel ball. usually a 
ball as manufactured for the Brinell hardness 
lowed to fall through a definite height and 


is il 


he polished surface of the specimen to be tested 


Sauveur ' 


Durometer 





Fig. 186. Sauveur’s Durometer, an instrument which cm-lovys 
the rebound principle. 





items Pont oa _] 





Fig. 187. Diagram of Sauveur’s Durometer. 


Ss test surface is inclined at an angle of 45° with the 
rizontal. See Figs. 186 and 187. When the steel ball 
‘ikes the surface it rebounds along thi parabolic path 
licated. The rebounding impulse given to the ball when 
strikes the test niece, will be increased by the hard 
ss of the sample. This was indicated in th theory on 

preceding pages. The distance, d, Fig. 187, which 
ball travels horizontally from the test specimen, will 


measure, the re fore ‘ of the hardne ss ot thre sample. 


WILLIAMS Conclude 


Professor of Physies, 


Amherst College December Iss 
l s distat Ss is 1 }) ! i ( 
LO? ntally Rt ist B.O 

vosed Sti ) W t pay Whicl 1 

}) of carbon } ) \“ t IK ST xt \ 
papel When th ste strik { }) 
Imprint is ide on tl t of white pay mW 
Fie. ISS and thus a p Wea ! record is 1 
ISS shows a reeord which Sauveur mad t tl 1 
ferent kinds of steel nder different heat treatment 
ir is received, is itn iled, \ 

( is quenched ind QD is quenched and draw 
Samp! s 1 im in disme ! d | ch kK W 

Che readings as taken fy he os n | SS 





‘ ? | \ 
The ball was allowed to fall by laving it in an | 
phragm and slowly opening the same. The ball t 
t maximum height permitted yy the apparat 
re idings YiIVenN ibove 
The condi IONS Necessary to obtain satistactors { 
Ings are 1) careful leveling of thr ipparatus; 
stant mass and hardness of the steel ball used: (3 1 
stant height of fall; i gradual opening of tl qin 
cA) 
c , Gy 
j °y 
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Fig. 188. Graph showing the Durometer Hardness of three dif 
s rad 
ferent carbon steels. 


phragm Im reieasmy Ihe ball 4 ? { 
preferably not less than one inch thick and one in 
wide : 6 smooth surface for testing: ri preventing 
the ball from striking near the edge of t] ye ! 
8) holding th specimen in pla nder nstant 4 
Sure ind v preventing t! ball ro sty kk or tw } 
thy Ssilnie spot [his is an Wisteqineint oan - ‘ 
ind not expensti 
rESTING STEEL BALLS BY REBOUND PI Cll 
some years ago fit ngaged in tk IT 

s t Wrongs s rough) he works. So 
from this stee Sere ned toy | satisfactor , , 
entirely too soft. It meant quite a saving if f 
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ing bellows instead of diaphragms. 





could be eliminated by some simple device. Esse1 
the device of Sauveur was employed. The steel 
were allowed to roll down a chute C, Fig. 189, f 
hopper 77. At the end of the chute the balls fell 


LO to strike the surface of a hardened steel anvil 
which they re bounded. The hardest balls had the 
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Fig. 189. Device for separating soft from hard steel balls by th 
rebound principle. 


cocthcient of restitution and so they would rebound 





er than the soft ones. On rolling down the chute, 
balls acquired a lateral velocity, so that in rebound 
from the hardened anvil, they not only bounced upward 
but continued their lateral journey as well: some of 
landed in the bin marked hard balls and the rest arr 

in the bin marked soft balls. Thus in a simple fas 


the soft balls were eliminated from the hard ones 


WALZEL’S PENDULUM HARDNESS TESTING MACHINI 


Walzel” devised a pendulum hardness testing mac! 


which he has compared with the Brinell machin 





measuring a large number of steels of varying hardne 
In his paper are shown curves giving the ratio betw 
pendulum and Brinell hardness numbers. This mac! 
of Walzel’s has a 5-mm. or a 10-mm. steel ball moun 
on the striking edge of the pendulum of an impact 

chine, the sample tested being attached to the anvil. | 
ingle of rebound (see Fig. 175) indicates the hardn 
The method was used for measuring the “hot hardn 


ot seve ral steels at te Indy} e ratures up to 9OO: ¢ 
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